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WIND-TUNNEL INVESTIGATION OF FUSELAGE STABILITy IM -.--—

YAW lTITE VARIOUS ARRAN=GEMEW2S QF FINS “ -..— _——-_ —---

SUMMARY —

An invest~qation was ~ade in the 7- %y 10-foot wind
.... .

tunnel “to &etermi,ne the effects of dorsal-type fins and
of -arious arrangements of fins on the aerodynamic char-

,..“.’

acteristics of a streamline circular fusekqe. Compara-
tive plots of the aerodynamic characteristics of the fuse-
lage alone and the fuse~age with various fin arran%emen%s

* are given to show their effects on coefficients of yatifig-”
moment , drag, and lateral force. Results. are al-so gtven
for one case fn m’aich a rear fin on a circular fuselage

w was faired wit% modeling clay to o%tain a fuselage skape
with the same side elevation as t-he fuselaqe with the un-
faired fin but with an elliptical cross section over the
rearward portion of the fusela%e.

—...-..—.-:

The results indicated that fin area to the rear of the
center of gravity of the fuselaqe was be~eficial in reduc-
in% the maqni,tude of the unstable yawing moments at large
anqles of yaw; whereas, fin agea for~~ard of t~e” c“enter of
qravity was harmful. The dorsal-type fin was more “effec-”
tive for increasing the ya~inq gta-oility of the fuselage
than was a smoothly fair~d rearlvard portion with the same
side elevation as the fuselaqe with tho unfai.red &ors~
type fin. Tho minimum drag coo~ficient acd the slope of
the curve Qf yawinq-moment coefficient Of tho fuselage at
zero yaw we~o’unaffected by ty.e addition of the fins, with-
in the experimental accuracy of the tests-
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INTRODUCTION —

The greater portion of the fixed vertical tail sur-
faces of aircraft.. is required to counteract the directional “ “-”‘--
instability of conventional fuselaqe shapes. lJeEho&Zi_havF

.--— ... .._-
, therefo’ro heeD su~qested of reducing tho maximum value of –.- ___

● the un”stablq fuselage moment to permit ~ reduction of the
vertical tail. One method,. w’hich,has ‘Deen mployed on corn’=-- “--
mercial aircraft, is the addition of a narrow strip of fi”~ _j_<__

●
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area, referred to as a “dorsal” Sin, alonq the top “center
line of the fuselage nhead of the usual vorticnl tail sur-
fzce. Another method is the shaping of the rear of the
fuselaqe into a“ wedge, effectively adding fin area at the
top and the bottom. A third method recently su+?qested is
the addition of o, shar~-edqe pr.otu%erance alori% the verti-
c,al center line of the forward nortion of the fusela%e-

.

It wns thought that such a prot~berance, by disturbing the
flow over the down-wind side of the yared fuselage, mlqht
decrease the magnitude of the nogati+re pressure in tut
re.qion forward of the center of qravity an3. thereby raduce

o

the unstable moment,
..

These methods ,are prir.aril:? intended. to r.eiuce the
-.

maxinum vnlue of the fuselage yawinq moment , Which occur9
at moderately larqe angles of yaw whetie vertical tail sur-
faces of conventional aspect ratios are normallY stalled.
Any reduction of slope of the pawin.g-r.oment curve in the . .—
vicinity of zero yaw is incidental- None of t@ methods

—

is expected appreciably to increase the drag of the fuse-
*“

le.qe for the u.nyawed condition of the airplF.ne-
-.

u
In the reported inveatiqation two fusela%e shapes

were tested in ‘combination with fin area. ztt var50us loca-
tions on the _tiselage to prove the effectiveness ~f..each ..”:“1~
of the th-e methods.

MODELS

The two fus”elaqe shapes used in this inves~atioa
are shown ia fiqures 1 tid 2. One o-f the;e fuselages Zs a“ “--
body of revolution that was ~re~ioualy used for the wlng-
fuselaqe invbstiqation reported in reference 1. T!ho other
shape was’ obtained by fairin.g the rearward portion of the
fuselage with modelinq clay as shown in fi.cures 2,’ 3, and 4.
The fuselages will” hereinafter bo referred to as “fusola%e
Al’ and llfuselage Z1.n

The fin &rranqe~ent~ ~s~~ are a~s.o shown ~~ fi~ur”~-s 1

and 2. All fins exce”pt one of 1~32-inch-d3ameter wire were. _ .!—
made of l/32-inch shoot brass &ut to conform to the 5use-
laqe shape. In this report tho cnn~tzrnt-wi~tb fins (fig.
1) will bU- callad” typp 1, the tall-typo fin (fig. 2) vill
be called type 2: Th6 fins ~ero- solder~d to the h?ads of - ‘~
flat-head nood screws, im>odded in the fusclaqo, which held
the fins snu.qly against the fuselage to prevent air lcak- ?

age under them. 9
.

.
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The type 1 fins were made in four widths, 0.0312,
0-172, 0-344, and 0,688 inch, lVhich are eqUa~ to. g.4E, 2-5,
5.0, and 10.0 percent, respectively, of the maximum fus.e--

..

lage diameter. The fins were cut in sections so that they
could he attached to the fuselaqe in various combinations.
The fins attached to the forward portion of the fusela%e
are desir;nated forward fins and those attached to the rer.r-
ward portton of the %ody are d.esi%nated rearward Sins.
The action of these rearward f“tns, although they are d-is-
posed symmetrically .a%ove and below the fuseltage, should
be similar to that of the dorsal-type fin uset on several
present-day transports. .

The type 2 fin was made to ha attached to the rear-
ward portion of fuselage A. This fin has a \Tidth at the
trailing edqe 50 percent of the fuselage diameter zn~ iS
faired into the top and the bottom contcurs of fuselaga A.
at a station 70 parcent from the fus~la%e nose= —.

Z!ESgS --.—

The tests were made in the NACA 7- _oy lo-foot wind tun-
nel, which is described in references 2 and 3. The tests
we~e made at a dynamic pressure of 15.37 pounds per square .

foot, which corresponds to a velocity of a-bout’-8C! miles per
.-.,

hour under standa~d sea-level conditions and to a tei~.
—.

Reynolds number of about 618,000 based on the “Cu%e “rook o“f ‘-- ‘.
the fuselage volune (0.z346 ft). +

No preliminary tests were made to determine the tare
forces and t’he moments caused by the modol-supper.t .fitti.n%?
‘oec.auso it was %elZeved that the relat5ve merit of. the var-

--

ions arrangements would ‘De unaffected b~r the val~s of tare.

The tests wero made at zero angle of att.a.ckand at an-
gles of yay, $; rangin% fram --10° to 60°.

RESULTS AND DISCUSSION

ThQ.results of the tests are given in the form” Of
NAGA standard cocf5i&ionts o? forces and aonect.~ ~yith .re- _
spect “to the wind axes that intersect at tho conter-of-
qravity location Deviously used in reference ~ an-d sho~
in figure 1S

The coefficients used are based on the volune ,of fuse-
la~e A in accordance with the procedure of ref6re”nce 4,

..,-

and are defined as follows :
.. -—
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CyI lateral -iorce coefficient
[

laterel force
——–-X3

q(v) J

fjn t (
yawinq moment about c.%..

yawing-moment coefficient ..c -——- ——.
qT )

where

q dynamic pressure (16.37 1%/sq ft)

V ~olurne of fu~elage A (0.606 cu ft)

!lhe effect of tbe rearward fins on the aerodynamic
characteristics of fuselage A is shown in figure 5. The
curves of yawing-monent coofi-dcient show that , with the

0.172-inch fin added to the rearward portion of the fUse-
lage, the maximum value of the unstab~ yawinq moment is
reduced by more than half. Increasing the fin height pro-
gressively decreased the maximum unstable yawing moment
and the trim angle- The—effectiveness of increasing the
fin height, however, became proqres.s~vely smaller with
hei.qht~ The type 2 tin was only slightly me-affective
than the 0.172-inch type 1 fin althouqh its area-nomont is
nearly equal to that of the 0.344-in.ch type 1 fin. Thts
result , couplod with tho fact that the effectiveness of
the typo 1 fins was not .pzoportiogal to the fip.heiqht,
appears to indicate that the effectiveness of these fins
primarily. depends on the len$th of the sharp edges and
the!r spoiling effect depends on the type of flow over Khe
rear portion of the fuselage- This conclusion aPPe?Ws tQ–.
be substantiated by the draq curves, which show that th~

increase in dr’ag at large angles of yaw is also 18S5 fOr
the type 2 fin than the 0.344-inch type 1 fin.

The slope of the curve of the yawing-moment coeffi-
cient at small tingles.ofiyatv is a~~ rec#a.bJy reduced by the
rearward fins. As expecte-d, however, the re$uction” is
small, The, effect.ofl the. fins on the drag-at zero yaw
=mal-fli.%ht condition) was not measurable.

In order to check further on the relative effects of
the sharp edqes and the increased area back of the center

●
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of %ravity, the unfaired type 2.fi”n on fu.sela%e A haE”– -
been compared with fuselaqe 3 in fi.qure 6. Fuselage 3“,
as previously mentioned, has the same side area as fuse-
lage A plus the type 2 f,in,and was derived 3Y fair~nq-
the type 2 fin into the fuselaqe tail with modeling clay
to eliminate th-e sharp ed~os. Fiqzre 6 shows tha”t , d-

thou%h both the type 2 fin and fuselage B were loss un- .—

sta%le t’han fuselaqc A, the improvement obtained from
-.

fuselaqe 3 “was loss than half that o%taine~ from the
type 2 fin. It is therefore agparont that the sharp edqos
of the unfaircd fin wore advanta+goous in reduciti~ the un-
sta-ole yawing-moment coefficients of the fuselaqe shapes-

Fuselage A with the type 2 fin had the Iarqest
values of lateral-force coefficient at lar?e angles of
yaw, fuselage B had smaller values, and fuselage ~
alone had the sm,allest values. Inasmuch as a larqe lat-

.—
.

“eral force is desirable for stability when sideslipgin%,
fuselaqe A with the type 2 fin would qlso be better than

b fuselaga B -for this ma~~uver. The values of_drag ‘coiR-

ficient at large anqles of yaw &ecreagod in the same ord&r ‘-
as the values of l,atcral-force coefficient.a

The minimum
drag coe--~ient at zero yaw was unaffected. b“y”fuselaqe

—

sh~mo or type 2 fin, withi n the experimental” accuracy of
tho tests, in spy~e of the’ fact that tho &raq coe”f~i-~ien~s
in every case. \7ere based on tho volume of fusole,go A.

The fins mounted forward (fi~. 7) ~roved to he barn-”
ful to sta>ility i.nyawj. “-The ant{cip~t~~ spoiler ‘n.cti%fi”—
did not occur and “these fort~ard fins are therefore uncle-
sirable, The lateral-force and drag’ coefficients increase
with the anqle of yaw and the- fin wtdth.

,,
The comparative plots (fig. 8) for fins mounted in

both forward and rearward locations sh~lr that these ar-

rangements are in every case less desirable than the com-
parable arrangements with the rearward fi.~ alone (fig. 5)
from consideration of sta~ility in ya~.- The Latercil-
force and the draq coefficients for the combination
forward-and-rearward location increase with increases in
the an$le of yaw and the fin area and are qre~iier than
for comparable arrangements of forward or rearwsrd fins
alonec -. —

—
.- .—

.-—

A comparison Or thq several locations of the fins
with a width.of 9.344 inch (fig. 9) SLOWS t’an~ OQ13’ .Com-

binations with the rearward fin decrbzse the unst,able -
yawinq-moment coefficient Of the fusela~e at iarge ‘WI%leS

.-

,, —
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of yaw. The drag and the. lateral-force coefficients at
large angles of yaw, however, increase in proportion to an
increr.se in the fin ar-ea. The,drag and t%e sta~ility in
yam at small angles of’yaw nre only sli?htly affec- hy
the various locations ofithe 0.344-iJ2ch. fin on fuselage A.

COHCLUSIOXS

1, “The rkarwa~d fins were very effective in decreas-
ing the unstable yawing moment of the f-useiage at the
larqe angles of yaw.

2. The beneficial. effects of the forward-atid-rearward
combination of fins and of the fin,completely around the
fuselage were due to the presence of the fin area behind
the center of qravity of the model.

●

3* ‘The sharp fin “edges were found definitely benefi- ●“

cial a$ lar<e angles ofyawg

A The minimum dtiaq coefficient and the slope of the “
‘+

curve-~f the yawing-moment coefficient. of the,fusela”~e at
zero yaw were unaffected by “tfihe‘addition of the fins,
within the- ~pe<iment.al accuracy of the tests.

—.

Langley Memorial Aeronautical Laboratory$
National Advisory Committee for Aeronauti&s,

Langley Field, Vs., October 22, 1940.
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